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JABIC CWWMZNTISICS OF TROAL RADWIOMN IRON AN ATMWC DIONATIO

The results of a recent review and analysis of all test data

tbougb TUNUIR-SNAPFUt an the basic characteristics of tbermi

radiation from stomc detoiations umsly: total therml enrgy

release, tiuS-Inteusity, and spectral distribution, are presented

for two types of burst: air and surface.

1. Air Burst

a. The basic characteristics of thermi radiation from sir

burst weapons of yields I to 100 IM wre now considered to be 1moun

with an accuracy of 10 per cent.

b. The total tbermi energy released by a 20 IM weapon Is

7-4 IT$ or 37 per cent tbermal efficiency, aMd It Increases as the

091 power of the radioceeical yield.

c. The timee or the minimm and second wexi.m Intensity

scale as the 0.5 power of the ratio of the total yields for all

yields preater than 10 XT. It is thought that smller yield weapons

of operational design will also scale. A normlIzed plot of the

thersel pulse shape Is given~ which io the sam, within ±15 per cent,

for all yield weapons above 10 IM.

d., It Is postulated that the Intensity In the second mmxiL-

am scales as the 0.5 power of the ratio or the weapon yields. A

generalized thermal pulse based on 0.5 pow scaling of both tim
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and inteUsity is given.

e. The average color temperature for all bursts Is

6o 5o0°K.

f. It Is postulated that these characteristics will prevail

for air bursts of all weapon yields up to 10 MT. Although the high

yield data are sparse and erratic, they are not obviously in conflict

with this postulation.

g. These characteristics apply to an airburst at a height

-uch that the reflected shock wave does not reach the fireball until

after most of the thermal radiation has been emitted. Early arrival

of the reflected shock distorts the fireball ad may reduce the color

temperature and the total energy emission of the lower portion of the

fireball.

2. Surface Bhust (Detonation on the earth's surface)

a. The thermal energy received from a surface burst ls

approxinately one-third that of an air burst of the sam yield when

the radloeheaical yield is less than 250 IM. When the radiochemical

yield Is 1 IM or greater, the total thermal energy is approximately

two-thirds that of an air burst of the sam yield. For total weapon

yields between 250 XT and 1 Mrs the thermal yield may be expected to

ran betwen one-third and two-thirds that of an air burst.

b. The indications are that tim o the minimm intensity

of the thermal pLU. frem a surface burst Is the sam as that or an

air burst. The tim or the second oxlm of a surface burst may

IV
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also be the am as that of an air bust. At this tip this is only

an assumption basd on a 10 Mr surface burst and tower shots of

vwlous yields which agreed vithin - 20 per cent. Surface detonations

of wespow with yields in the mgaton ran. have the ao noxvanlzed

pulse slaps as air bursts.

a. The average color tempeature of a surface burst of any

yild Is approximtely 0 ° X.

V
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ASIC CEARACTERISTICS OF THXRJ(AL RADMION FROM AN ATOMIC DEMOMATION

A. iiro Iu O

a. Over a period of years, basic thermal measureents

have been made at all full-scale weapons test series. The majority

of tests have been of weapons with yields In the range I to 100 K?,

with limited tests up to 10 Mr. These measurements were made to

establish the basic characteristics: total thermal energy, time-

Intensity, and spectral distribution for a large range .of weapon

yields, and to determine empirical scaling relationshils, usually

referred to as scaling laws, to permit prediction of these charac-

teristies for an atomic detonation of any yield.

b. Two agencies, Naval Radiological Defense Laboratory

and Naval Research Laboratory, have been the principal participants

for the Department of Defense and the Atomic Energy Comission.

More recently, the Department of Engineering, University of

California, Los Angeles, has conducted such measurements at several

shots. In July 1953, vorking groups from these agencies convened

for the purpose of correlating all comparable data. The results of

this conference form the basis for this paper.

B. DISCSTS IOn

1. Total Thermal Energy*

a. The total thermal energy per unit area vas mesured at

*Tk term "total thermal energy" is used to designate the integrated
radiant energy emitted by the fireball during the ain radlant puLst

1
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vu-ios distances With & variety of black body integrating Instru-

Sants a at cM detOnftions, the tota1 weapon yields* of which varied

ftom. 1 IT to 10 MT. 7h*se data were corrected for aospheric attne-

tion an IntOetd over a shere the radius of which was the 11s-

tance froi the point of detonation to the instrument location, to

obtain the total theimsl enera radiated by the fireball for a given

yIelA weapon.

b. So. ist tIon for t is s m t varied, dee

lag won the agency that Mae the paly s. In ser cases, tm

or tbGe. agencles participated at a single shot; in others, Jut em

Me present. A copper disk loie was developed t the Naval

Hadiologicl Defense Yboratory for meuring enu per Vmit area

in the range 1 to 50 calcm2 with & tine constant of about 20 =1111-

s n Sad S 90 field of view. the Ntaval Research Laboratory pro-

Sect personnel emplyed hialy sensitive theruoplle with 10o eL

or view, tee, and blackened sphere r (a unique

MeL desin). 2he a at the University of California, Los Angeles

used a therAwpile of its own design with a time constant of about 15

Seccmft for the continental shots, and about 15 minutes for the IVy

Operation. MML'a instrments were usually located within a few

t and yards of the ffretbel for a min* bcob. NML's measure-

ats ver mle at various locations frM a few hundred yards to a

sation apgroximtely 10 miles from detonations at the Nevaa proving

•~ 7161 yilds, with exception of the Mike Shat, where fre.
ball diameter analysis was used.

2
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Grounds. UCLA's instrmenta were designed primarily-for aircraft

installation, 10 to 20 miles distant.

c. The type and manitude of the corrections applied to

the data before calculating the total thermal yield were dapendaht

upon the distance and location of measurement and the trnamission

properties of the atmosphere. In the past both RML and NHL's data

were corrected for atmoslheric attenuation as determined by actual

transmission measurements. In addition, NRL's data were corrected

for the energy received by scatter, as a function of the field of

view. The scatter correction was assumed to be negligible for

NEDL's data, since it was obtained at distances that were smal

compared to the visibility.

1. In comparing the results of these agencies, when more

than one participated at a shot, :ertain discrepancies were found.

In some 3nstances the difference between estimates of thermal yield

was 25 per cent or more. Since the inherent error in each instru-

mentation system is estimated to be &10 per cent, the atmospheric

attenuation corrections were re-examined. It was found that con-

siderable error resulted from neglecting the water band absorption

of infrared when the distance of transmission was two miles or more.

As the spectral distribution of energy has nov been determined for

the majority of shots, the amount of infrared absorption can be

calculated. Application of this correction increased NRL's

calculated values and brought them into accord with those of RM,

3
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for all shots except the Xing Shot at Operation IVY. I DLI final

data were also con ected for field of view and infrared, absorption,

although the corrections were less than 10 per cent due to the short

Path lengths Ccomared to the visibility at continental tests.

Iuyuremnts made frt aircraft at air bursts involve an additional

correction factor for the increased Incident energy due to reflection

from the gromn below the burst. 2he amnmt of energy received by

reflection Is not readily calculable at this time. Experimental

mmy mr rnts have indicated that in Nevada it may be on the order of

50 per cent of that received by direct transmission for a receiver

at an altitude which is large compared to the height of burst. At

Enivetok, the albedo of water is much lower than that of the desert.

However, n low air bursts, the water shock passing through the water

churns up a froth vhich produces an albedo that is considerably higher

than that of the desert. It is estimted that The average effective

albedo might approilmte that of the desert. Therefore, a factor of

50 per cent was used to correct all of NRDL's data from airborne

Instruments in addition to the attenuation and scatter corrections.

e. The corrected data of all three agencies for Operations

GR-SOUSE, BUSTE, fjTMBLER-SNAPM and IVY are eiven in Table I.

When data frfo more than one agency existed for a single shot, the

average was generally used to detersine the air burst scaling curve

shom in Figure 1. UCIA data for SAPPR Shots 6, 7., and 8 vere not

averaged with the IRL data because they vere obtained a a check-out

of the instrumentation In preparation for Operation IVY. The

011 iM TA ....
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TABLE I

T0WAL PIM E GIES FOR VARIOUS ATOMIC DETOINATIONS

I TOTAL THEMAL ME GY.Yield AgecyLI

Operation Shot (KT) JRL BDL UCLA

GREEUM0USE Dog 82.9 17.6
Easy 46.7 12.3
George 21.5 39.0
Item 45.7 11.0

BUSE Bker 3.18 1.3
Cbarlie 14.0 5.66 6.1
Dog 21.0 7.C 8.2
Easy 31. 1o.6 11.8

MML- 1 1.05 0.0.6 0.51
S, APFLR 2 1.15 o.485 0.49

3 30.0 9.0 10.9
4 19.6 6.0 6.9
5 11.7 3.9
6 3.14 1.25 5.9
7 13.8 5.2 5.9
.8 14.0 '.95 4.95

IVY Mike 10,000 1650 1500 1730
King 550 80 240

SSEI~Rc n Imm DATA
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GRZEMMSE torer shot data are shown in Figure 1 for co parative

poees only, 2he sale heights of burst for these shots varied;

l were considerably less than those of air bursts, sad the therzl

caracteristics deviate significanty from these of an air burst.

the low yield tower shots at Operation SNAPPER were very close to

air bursts (as defined In 1TE 23-120), and the total thermal energies

apear to be tyAcL of air bursts. Me sloje of the air burst

scaling cme Is 0.94, and Its euation is u .Vu4.* Me scca-

sey is estimtedL to be *1o per cent for air bursts of rad'oadscal

yields up to 100 Xr. For detonatns of radoch cal yields

zsater than several hmred X, the error my be as great as 50 per

cent.

f. The sea]i la s w e polatd to the megaton yield

range withot any true high yield air burst data* While the data

twos %no King arnd Mike Shots (total yields of which were 550 IT ad

10 1C, respectively) are not directly applicable to the dowelopeent

of an air burst scal in law, they indirfctly tend to substantiate it.

fata on the King Shot vere obtained by IRL vith Instrments located

an the grown, and by NDL from as ros aircraft

flying above the burst. The estlmatee of total thermal energy for

this shot were radically different. UDL calculated 240 thermal X,

uhich In greater than predicted by the air burst scaling la. IRL

E. MU'erul energy released, XT.
V, total weeap= yield, KT.
Al qubols ae given In Rlenclatur.e pae 21.

7



determined the total thermal energy to be 80 xT,, which is consider-

ably less than expected from an air burst. - h theizml yield

determination wa consistent with the Stefsn-Bolt:mn theor0tcl csal-

culation using the average color tePrastmur as detUIned 1ndsP3-

dently by each laboratory (see Section 3)- HMZ, 'a instr-ts vimeed

the side of the fireball, and those of MD!L, the top. %e color

•tem t RLe S saw was 3300X. MtD! measured 32500K. 2e King 8ot

vas detonated at an altitude such that the flrball would Just clear

the ground when it reached its mxtinn radius. Fireball movies shW

that the fireball began to be flattened on the botto at about 0.1

second after the minimm, and as It continued to gaw it become

*]=ast hemispherical in shape. The time at which it began to

flatten coincides with the time at which the reflected shock wave

reached it. The distortion in shape of the fireball is characterl-

tic of that produced by the passage of the reflected shock wave

through the fireball1. In view of the change of color

produced and the change in fireball ares, which contributed to each

of the energy measurements, it is reasonable that they should fall

on either side of the air burst scaling curve, which passes through

160 KT at 550 KT total veapon yield.

g. The air burst scalIng law was based on the premise that

the fireball rmined spherical throughout the aJor thermal pulse,

which originally was thought to be limited to the heliht of burst at

which the fireball did not touch the ground. It haa becon obvious

that for thermal effects work an air burst Is more properly defined
8
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as a burst at such & beiftt that the reflected shock does not rea

the fireball until after mot of the therss mi my has been mitted.

For any lower heights of burst, It my be expected that the Sass

received on the ground will be less than predicted by the air bust

SCSI I i 1sw, and that the enrdy recive above the burst; wll3. eneed

that predicted, due to firebalI distortion.

h. The Mike Mot was a surface banrstTe theaul yielM

vas calculated to be 165o xT 05 per cent. 2his Is hibhe tb pro-.
-15

dicted for a surface burst on the basis of low yield surface bustojo

but lower than the extrapolated air burst scaling Iwo Tis my be

due to same theami enery exeUture in heating and vaporization

of the earth but very little obscuration of the fireball. by dust.

It vas observed that the height of the &dus krt about the base of

the fireball ves very mUll compred to the radius of the hSMixpherIcel

fireball. 'Me dimter of the fireball, at the base was equivalent

to a 23 NT air burst. The Integrated color teau of the fire-

ball, surface van consistent with that of a low yield surface burst

about 30000 K. Since the rate of emission in proportional to T* R2 ~

the enlarged diameter or radius did not ccoensate for the decreased

teqperature, and the total the=&Il yield vas one-third less than that

predicted for an air burst of the same total yield.

i. in the *capabilities of Atcxlo weapons (revised October

19 52) it is stated that one-third the total t~erval energy for an

*T, absolute tesereture, OK
R, fireball radius, a

9
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air burst i be obtained frcs detonation of the se radio-

cinical yield burst on the eat's surface, and that for bursts

intezu te to the surface and air, lIner interpolation based

on the scaled heiht of burs aboW d be used. Analysis of the

tower shot data given and the JAXLR surface shut results was the

basis for these statements, and they are believed valid for detona-

tions up to approxzitely 250 XT in yield. However, the Mike Shot

data iak. it evident that they do not aply to megaton yield weapon

detonations. It is recindd, for the present, that two-thirds

the air burst thernl yield be used for the thermal yield from sur-

face bursts of megaton yield weapons. For yelds intermediate to

250 W!r and 1 MTf, the factor y be expected to be between one-third

and two-thirds.

2. Time-Intensity Characteristics

La. The radiant energy fro the fireball in emitted at vary-

Ing rates, as described by the time-Intensity curve, which Is charac-

terized by an extremely rapid rise to the first naxizm and decliqe

to the ui %nimm, followed by a moderately rapid rise to the second

Maximu and a gradual decline. The second portion of the time-

intensity curve, during which 99 per cent of the energy is emitted,

ts of primary interest.

b. IRL and ZRDL asured the variation of radiant intensity

with te at BUSTER, %OMBLU and IVY tests. For the BUSTER series,

MMDL determined the second pulse ashape by differentiating the

Integrated calorimeter curve. At the later test seriess !M

10
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obtained direct tin-Intensity records vith a foil radiometer with a

time constant of 13 milliseconds in addtion to the differentiated

calorimeter trace. MM obtained airect tme-intensity traces vith

bolouiters, which have a time resolution of less than 50 micro-

sconds and resolve the first thel plse. 7he MM traces enable

the determination of the time of the 1n1a, as well as the shape

of the secod r.lse.

e For the papose of t the sca3n In time of

the therml Pulse, the tUmes of the minion ans the second -&y4

were selected from the tIin-Intensity records.

a. Figure 2 gives the timi of the inlun plotted asinst

a hmical vsam yield for yielAs ranging fra I IM to 10 W.

7he curve %a bsed an MIL data for Operations 311, ITUM -

SAP , and VY. he u devlatlon of data from the cav. vith

tim was Ue than 10 per cent over the entire yield rae. 7he

slope of the curv Is 0.5. The deata used IncIne toer as well as

air bms data. It is coneluded that the tme of the mina scales

as the square root of the yield for ay size fr burst; and for near

air bursts,, repesented by tower shots.

e. MDL EMM, TMM , and iVY data were ied aon with

MM TUMUM and N! data to determine the variation of the time of the

secnI mzbm with yield, Siven in Fig re 3. Wi curve shes that

the time of the azim also Scales as the sqare Moot of the yield

for air bswts ad as air busts of 10 K or greate, and for large

7r4dawface stu as w.s.. e Soata bom in Flo*u 3 sibm that

RIMA1.......
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for either of the two s"stem of maumt(MMRD or MMR)s the

mzxftm deviation is less than 1.0 per cents but the MRM time s

to be consistently lower than MDL's. Since this difference In

system has not benresolved, the curve is drawn between the two

sets of data. The presently available data for air bursto of less

than 10 WT yield are rift necessarily typical of operational weapon

charcteistcs.Although the total energy emitted In, these low

yield detonations appeared to scale, an extended thermiL pulse Man a

chang In the spectral distribution of energy were doerved. It has

been postulated that these changes were due to the high mas to yield

ratio, vhich was characteristic of these particular devices, It Is

expetedthat the scalina laws given for air bursts my apply to very

mUll yield wapon of an operational design.

f. A muber of intensity-time traces from both agencies,

for air burst awhose yield ranged from 1ii IT to 10 H~ were plotted

in the form: I/I= vs t/t= to determine a genealized shape of

the second portion of the thermal pulse,, after the uinli=.

g. Figure ii shown the normalized curve or the therml pulse

for any yield air burst.. The accuracy or this curve In I/ims is,

estimated to be ±15 per cent.

h, If the scaling of Intensity and time are kzwvn,, the

2
Irdint intensity, cal/cm -see c.2r.. a~~naradiant intensity,, esl/c sece

t_3,nfrw !terval after detonation, seconds.
tMstine of the maxina intensitys seconds.

O'S S ATA SMI



SECRfl

j L
~::Us

- - 0 -

.....

S MadET ES5;X 1 DATA



normalized curve my be used to drav a generalized time-intensity

curve for any yield yespon, in terms of wi and tu. It has been

well established that time scales as the square root of the ratio

of the yields. 7he scaling of the mLxium intensity has been studied,

but due to the scatter of the data it is still somewbat tenuous. For
planning purposes, it is recaened that square root scaling be used

for the intensity, with the understanding that this is subject to

change as more data become available. The generalized curve Is

given in Figure 5.

3. Spectral Distribution

a. Since the response of most targets to thermal radiation

is dependent upon the wave length of the radiation, as vell as the

intensity and total energy incident, a continuing study has been

made of the spectral characteristics of therml emission.

b. ItEL has measured energy -distribution in the ultraviolet

and visible with spectographa vhich have a 5A resolution at time

intervals Of 200 microseconds for GREENHOUSE and T ULER-SHAPPF

and 2000 microseconds at IVY. !UOL has measured the energy in five

broad spectral regions: .22 to 4.5pi; .36 to 2 .5)&; .53 to 2 .51L;

.64 to 2.5p; and .95 to 2.5p, integrated with time througho.t the

pulse. NRDL has also measured the time variation of energy dis-

tributed in these bands. UCLA made detailed spectral studies of the

variation of radiant flux density with time at several vave lengths

and in several wave bands. At Operation V measurmments vere made

at four wave lernths: .35, .h, ., and .95p., and in two wave

tands: .35 to 2.6p&, and .91 to 2 3p&. At 7LE-SU PER
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(Shots 7 and 8), -;mcments were made at five wave lengths: .35,

.481 .55, .75v and .950.

c. . 2e shape of the Intepated curxq _of enry density as

a fnetion of wave length vas compared with black body cwves, as

detendnmd by Planck's equation, for various t t m Mt e. MM

found that the shape of the cuve in the ultraviolet. beyond the

30002 Oone cut-off point, and in the visible, for a g1ven burst,

coulA be fitted to a black body cuzv for a specific tesmperature.

72nzs, a taprture can be assigned to the energy distribution curve,

and this tIau re is Called the 'color te t . The SL

and UCLA results provided sin aditional data on distribution in

the Infrared which, in general, supported the ERL data. A color

terature vas thus assipied to each detonation. The temperatures

are given In Table II. It vas concluded that as a general rule the

averag, color tempertur for air bursts is 6000PK ±5000. Te

effect of introducing mass in excess of the air Into the fireball is

to lower the average surface teToperture. Tower shots and surface

shots are affected by the earth and material of the tower taken into

the fi"ebL. The average temperature for a surface burst is around

3000 K, mad for a tower shot, usually between 3000 and 60000 K.

d. For an air burst, 55 per cent of the badb's thermal

radiation energy Is In the ultraviolet and visible, (.3 to .MIL),

and 45 per cent in the near Infrared, (.75 to 31&). For a surface

burst, 12 per cent Is in the visible and 88 per cent in in the

Infred.
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,TABIZ II

COWR TDPfA~TUnS* FM VARIOUJS ATOX1C ~0hI

Colr TeM ratue, ON
Type Of ii4.uCYShtum Mot Burs br .b h

GMM,.M Dog Tower 4500
Eas Tower 4M0
George Toler 3000

1Aar:eM Air 5600
Dog Air 63oo
EWs Air 5600

TUMSLI- 2 Air 5000
SNAPM 3 Air 6000

4Air 6000
7 Tower 11700 2

8Tower 6000 4200

IVY Mike Surface 2600 2900
King Air 3300 5250

*Equivalent black boay temperatures.
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*.It heas boon further oa that the use of the avers..

color seprtmwe In the Btefan-Doltzman los 3xl~ *

givs te msoued ota tbml mary Zwithin 10 pw cent. Mne

fireball. radii wre determined frm NoU me m at of the radius

at the time of tUe aftfumlt i+plie by a factor of 1.5. 2b" is9

a eqirical, rule or 1b for the radius at the time of the umeb

Intensity. Its aecwmay will not be kmow until an analysis or late

fireball dimters becemm available. Wayes , It wil be noted

tftt the enmrg calculation by the B1tefan-ftmma law Is relatively

Irmenmitive to radium errors as comared to color tui twe "hich

qemas the foawth porn. Since the accuracy of the colo.r

tepratwoe stimees fis only 10 per cent, such calculatios we

at best only a rough check.

.r, Stefam-botama constant.in, cal/c 2 m e
to, total duration of the tberma. pulse, seconds.
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Z a Total themal energ, IM

v a Total weapon yield, IT

R N NIua m fireball radius, cm

* T a Akbolute temperatmve, OR

tUTim ltarymi atet detonation, seond

V Duration of the thermal pulse, seaonds

t= TIM of the mzjuu Intensity, seco Ls

Is Vzinau Intensity, ca3/o4-666

1.35 x 1o 2 wa/cm2 -eo-(Ot 4)

N


